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Description 

s Tins invention relates lo organic «lectrolumincscentdevcss. More specifically, this invention relates to devices wnich 
emit light from a current conducting organic layer 

Background at the invention 

•j While organic electroluminescent devices nave been known for about two decades, their performance limitations 
have represented a barrier to many desirable applications. (For brevity. EL. me common acronym tor electroluminescent, 
is sometimes substituted.) 

Representative of earlier organic EL devices are Gurnee et at US Patent No 3.172.862. issued March 9. 1965. 
Gurnee U.S. Patent No. 3.173.050. issued March 9. 1965; Dresner. -Double Injection Electroluminescence m An thes- 
is cena*. RCA Review. Vol. 30. pp. 322 334. 1 969. and Dresner US. Patent No 3. 71 0. 1 67. issued January 9. 1 973 The 
organic emitting material was formed of a conjugated organic host material and a conjugated organic activating agent 
having condensed benzene rings Naphthalene, anthracene, phenanfhren*. pyrene. benzopyrene. chrysene. ptcane, 
cartoazole. fluorene. biphenyl, terpheyls. quarterphenyts. trsjhenylene oxide, dihalobiphenyf trans-stilbene. and 1.4- 
diphenytjutadiene were offered as examples of organic host materials. Ant h ra c ene, tetracene. and pentacene were 
io named as examples of activating agents. The organic emitting material was present as a single layer having thicknesses 
above t urn. 

The most recent discoveries m the an of organic EL device construction have resulted from EL device constructions 
with the organic luminescent medium consisting of two extremely thin layers (<i 0|»m m combined thickness) ssparating 
the anode and cathode, one specifically chosen to inject and transport holes and the other specifically chosen to inject 

2s and transport electrons and also acting as the organic luminescent zone of the device. The extremely thin organic lumi- 
nescent medium offers reduced resistance, permitting higher current densities for a given level of electrical biasing. 
Since light emission is directly related to current density through the organic luminescent medium, the thin layers coupled 
with increased charge injection and i-ansport efficiencies have alowed acceptable light emission levels (e g brightness 
levels capable of being visually detected m ambient light) to be achieved with low applied voltages in ranges compatible 

3d with integrated circuit drivers, such as He« effect transistors 

For example. Tang U.S. Patent No. 4 356.429 discloses an EL device formed of an organic luminescent medium 
consisting of a hole injecting and transporting layer containing a porphyrinic compound and an electron injecting and 
transporting layer also acting as the luminescent zone of the device In Example 1 . an EL device * disclosed formed of 
a conductive glass transparent anode, a 1000 Angstrom hole injecting and transporting layer of copper phthalocyanine 

35 a 1000 Angstrom electron injecting and transporting layer of tetraphenytxitadiene in poty(styrene) also acting as the 
luminescent zone of the device, end a silver cathode. The EL device emitted blue light when biased at 20 volts at an 
average current density in the 30 to 40 mA/cnV range The brightness of the device was 5 cd/mz 

A further improvement in such organic EL devices is taught by Van Slyka etal U S. Patent No 4.539.507 Van Slyke 
et ai realized a dramatic improvement in light emiesion by substituting for the hole injecting and transporting porphyrinic 

*o compound of Tang an aromatic tertiary amine layer. Referring to Example 1 . onto a transparent conductive glass anode 
were vacuum vapor deposited Successive 750 Angstrom hole injecting and transporting, i . i -bis(4-di p-torylamnophe- 
nyijcyctohexaneand electron injecting and transporting 4.4'^^5,7^-t-pentyl-2*enzoxazolyl] stilberie layers, the latter 
also providing the luminescent zone of tie device, indium was employed as the cathode The El device emitting blue- 
green light (520 nm peak). The maximum brightness achieved 340 odmV at a current density of about 140 mA/cm"* 

*s when the applied voltage was 22 volts. The mawmum power conversion efficiency was about 1 4 « 10~3 watVwatt. and 
the maximum EL quantum efficiency was about 1.2 x 10~z photorVelactron when driven at 20 volts Note particularly, 
that Example 1 of Van Sh/ke et al produced a m«oorrx#n brightness of 340 odmV w**r th» EL dwtce was driven st 22 
volts while Example 1 of Tang produced only 5 cd/nV when that EL device was driven at 20 volts. 

The organic EL devices have been constructed of a variety of cathode materials. Early investigations employed 

so alkali metals, since these are the lowest work function metals Other cathode materials taught by the art have been 
higher work function (4 eV or greater) metals, including combinations of these metals, such as brass, conductive metal 
oxides (e g. indum «n oxkJe), and single low work function (<4 eV) metals Gurnee et al and Gurnee. cited above, 
divcbsed electrode* formed ol chrome baw. copper and conductrve glass Dresner U S Patent No. 3. 710,167 employed 
a tunnel injection cathode consisting of aluminum or degenerate N* silicon with a layer of the corresponding alumnum 

ss or silicon oxide of less than 10 Angstroms in thickness Ting, cited above, teaches useful cathodes to be formed from 
single meta* with a low work function, such as indium, silver, tin. and aluminum while Van Slyke et al. cited above, 
discloses a variety of single metal cathodes, such as indium, silver, en. lead, magnesium, manganese, and aJummum 
Teng et al. U S. Patent No. 4.885.21 1 discloses an EL device comprised of a cathode formed of a plurality of metals 
other than alkali metals, at least one of which has a worn function of less than 4 eV 
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Commonly Assigned VanSiyke et ai U S Patent No 4720.432 described an electroluminescent device us.ng an 
i mprovad rnuiti-iayer organic medium. As set forth m this patent the electroluminescent or EL device can be driven oy a 
direct voltage source or an alternating current (AC) voltage source or any intermittent Dower source. This EL device s 
Dasicaly a diode rectifier which permits electrical current to flow only in the forward bias voltage This current excites 
; the organic medium to produce electroluminescence In reverse bias, the current is blocked from entering the diode and 
consequently no light emission is produced 

Summary of tne invention 

<a It is an object of the present invention to provde an improved alternating current voltage source arrangement lor 
an organic light emitting device 

This object is achieved in an organic light emitting device (LEO) having an anode and cathode and a light emitting 
structure disposed between such anode and cathode, the improvement comprising: 

<s (a) an organic hole transporting layer : 

(b) an organic luminescent layer, and 

(c) means tor applying an alternating voltage across the anode and cathode having a forward portion which biases 
the LED to produce light and a reverse portion m which substantialfy no light is produced, the voltage being selected 
so that th e maximum forward voltage ts less than or equal to the maximum reverse voltage ei each AC voltage cycle 

10 Although recent performance improvements m orgarec EL devices have suggested a potential for widespread use. 
most practical applications require limited voltage input or light output variance over an extended period of time. 
While the aromatic tertiary amine layers employed by Van Slyke et al. cited above, have resulted m highly attractive 
initial tight outputs in organic EL devices, the limited stability ot devices containing these layers has remained a 
deterrent to widespread use Device degradation results in obtaining progressively lower current densities when a 

x constant voKage is applied Lower current densities in turn result in lower levels ot light output With a constant 
applied voltage, practical EL device use terminates when light emission levels drop below acceptable levels- • g . 
readily visually detectable ernssion levers in ambient lighting. If the apprise voltage is progressively increased to 
hold light emission levels constant, the field across I he EL device is correspondingly increased. Eventually a voitage 
level « required that cannot be conveniently supplied by Vie EL device driving circuitry or which produces a yield 

x gradient (volts/cm) exceeding the dielectric breakdown strength of the layers separating the electrodes, resulting m 
a catastrophic failure of the EL device 

It has been discovered that the stability and sustained operating performance of the organic EL devices can be 
markedly improved by driving the EL device with a particularly designed alternating voltage source (AC). This AC drive 

3s can greatly extend the useful life and the reliability ot the organic EL device by eliminating the catastrophic failure fre- 
quently encountered in the device operated m a DC mode With AC drive, the impedance ot the EL device shows imie 
variance with operation. Thus, the current flowing through the EL device under constant AC does not change significant!/ 
with time As a result it is not necessary to gradually increase the drive voltage on the EL device dunng operation which 
would eventually cause catastrophic failure due to a dielectric breakdown of the organic Mm 

<o in addition, the AC drive is crucial in eliminating the snorting pathways due to located or point delects often tound 
m the organic EL devices. These delects form semiconductive paths between the anode end cathode in operator: 
these paths shunt the current which would otherwise flow through the organic EL film generating electroluminescence 
These parasitic current conducting paths were found to be easly etirrinated by the application of AC drive, resulting m 
higher luminence efficiency and operational stability 

<5 While any AC drive scheme is better tfian a DC drive scheme n operatng an organic EL device rt has been Wid 
that a certain form of asymmetric AC gives the best performance in sustaining the operational life The asymmerr c 
scheme comprises an AC voitage cycle m wrwch me reverse voltage portion of the AC cycle is no less than the forward 
portion of the AC cycle. By reverse portion of the AC cycle, it means that the voltage on the cathode * mora po*ov« 
than tf voltage on the anode and vice versa for the forward portion. 

so Furthermore it wee found that the time duration of the reverse portion (t) can be significantly shorter than the - rr« 
duration for the forward portion ft,) in the AC cycle This asymmetry in slotted tame is advantageous m operating tr*e €l 
device because it provides more time for the generation of electroluminescence which is only produced m the forward 
portion ol the AC cycle 

ss Brief Description ot tie Drawings 

These and other advantages of this invention can be better appreciated by reference to the following detaileo oesa o 
tion considered in conjunction with the drawings «i which 
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Figs, 1 . 2 and 3 are schematic diagrams of EL devices: and 

Fig. * i* a diagram of an AC drive voltage *sve»orm m accordance with me present nvernon 

Detailed Pfljcrrton ot me Pfalarred Emboairnflnts 

An electrolufninescerttor ELdevice 100 aawo.ng to the indention is schematicairy illustrated in Fig i Anode 102 
is separated from cathode 1 04 by an organic luminescent medium 106. wr»eh. as shown consists of ihree super imoosed 
layers Layer 108 located on tne anode forms a hole injecting zone of the organic luminescent medium Located above 
the hole injecting layer is layer 1 1 0. which forms a hole transporting zone of the organic luminescent medium Interposed 

•s between the hole transporting layer and the cathode is layer 1 12. which forms an electron injecting and transporting 
zone of the organic luminescent medium The anode and the cathode are connected to an external AC power source 
1 1* by conductors M6 and 1 18. respectively. The power source produces the waveform of Fig 4 Conventional AC 
power sources, including any desired switching circuitry, can be employed which are capable of positively biasing the 
anode with respect to the cathode. Either the anode or cathode can be at grouna potential Reverse biasing oi the 
i electrodes reverses the direction of mobile charge migration, deplete the luminescent medium of mobile charge earners, 
and terminates light emssion 

The EL device can be viewed as a diode which « forward biased when the anode * at a higher potential than the 
cathode. Under these conditions injection of hole (positive charge carriers) occurs mto the lower organic layer, as sche- 
matically shown at 120 while electrons are injected into the upper organic layer, as schematically shown at 122. into 

so the luminescent medium. The injected holes and electrons each migrate toward the oppositely charged electrode, as 
shown by the arrows 124 and 126. respectively. This results in hole- electron recombination When a migrating electron 
drops from its conduction potentai to a valence band m filing a hole energy « released as light. Hence the organic 
luminescent medium terms between the electrodes a luminescence zone receiving mobile charge carriers from each 
electrode. Depending upon the choice of alternative constructions, the released light can be emitted from the organic 

a luminescent material through one or more edges 128 ot the organic luminescent medium separating tne electroaes. 
through the anode, through the cathode, or through any combination of the foregoing. 

Since the organic luminescent medium is quite thin, it is usually preferred to emit light through one of the two elec- 
trodes This is achieved by forming the electrodes a* a translucent or transparent coaling, either on the organic lumi- 
nescent medium or on a separate translucent or transparent merJum or on a separate translucent or transparent support 

so The thickness of the coating is determined by balancing light transmissions (or extinction) and electrical conductance 
(or resistance) A practical balance in forming a light transmissive metallic electrode is typically tor the conductive coating 
to be in the thickness range of 50 to 250 Angstroms Where tie electrode Is not intended to transmit light or is formed 
of a transparent materiel, such as a transparent conductive metal cade, any greater thickness found convenient m 
fabrication can also be employed. 

}f Organic EL device 200 shown in Fig. 2 is Ulustratve of one preferred embodiment of the mention Because of the 
historical development of organic EL devices it is customary to employ a ransparent anode This is achieved by providing 
a transparent msUatrve support 202 onto which is deposited a conductive light transmissive relatively high work function 
metal or metal oxide layer to form anode 204. The organic luminescent medium 206 and therefore each of >ts layers 
208. 210. and 212 correspond to the medium 1 06 and its layers 108. 1 10. and 1 12. respectively, and require no further 

« description With preferred choices of materials, des cr ibed below, forming the organic luminescent medium the 'ayer 
21 2 is the zone m which luminescence occurs. The cathode 21* is conveniently formed by deposition on the upper ayet 
of the organic luminescent medium.. 

Organic EL device 300. Shown in fig. 3. « illustrative of another preferred embodiment of the invention Contrary 
to the histoncaJ pattern of organic EL device development. Nght emission from the device 300 is through the light nans 

*s missive (e g. transparent or substantially transparent) cathode 314. While tne anode ot the device 300 can oe formed 
identically as the device 200. thereby permitting light emission through both anode and cathode, in the preferred form 
shown the device 300 employs an opaque charge conducting element tormng the anode 302 such as a relatively rugn 
work function metallic substrate The organic luminescent medium 306 and therefore each of its layers 308. 310. and 
31 2 correspond » the mediurri 106 and layers 108. no. and 112. respectively and require no further description "Tie 

so significant drherence between devices 200 and 300 « that the latter employs a thin, light transmissive (eg. transparent 
or substantially transparent) cathode in place of the opaque cathode customarily included m the organic EL devices 
and in moat instances, employs an opaque anode instead of the (ght transmissive anode nomnaHy employed 

Viewing organic EL devices 200 and 300 together, it is apparent that the present invention offers the option ot 
mounting the devices on either a positive or negative polarity opaque substrate. 

ss The organic luminescent medium of the EL devices of this invention contains a minimum of three separate cgar ic 
layers, at lease one layer terming the eiecfron miecting and transporting zone of the device, and at least two layers 
forming the hole injecting and transporting zone, one layer of the latter zone providing a hole injecting zone and the 
remaining layer providing a note transporting zone 
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A layer containing a porphyrinic compound forms the note iniecting zone of tne organic EL device A oorpnynn.c 
compound is any compound, natural a synthetic. whreh is derived from or includes a porphyrin structure "eluding 
Dorohine itself Any o* the prophynnic corrpounos disclosed by ArJer. U S. Patent No 3 935.031 or Tang L S Patent 
Mo. 4 366.429. the disclosures of which are here incorporated by reference can be employed 

Preferred porortynnic cornpound* are those of structural formula (1) 



Q is -N- or — C<R). 

M is a metal . metal oxide, or metal hakde. 

R i6 hydrogen, alky I. aralkyi. aryi. or alkaryl and 

V and T? represent hydrogen c together complete a unsaturated 6 memoer ring, which can include substituenrs. 
such as alkyi or halogen. Preferred 6 membered rings are those formed of carbon, sulfur, and nitrogen ring atoms. 
Preferred alkyl moieBes contain from about 1 to 6 carbon atoms wftie phenyl constitutes a preferred aryl moiety 

In an alternative preferred form the oorphynrtc compounds differ from those of structural formula (I) by suostituticn 
ol two hydrogens lor the metal atom as indicated by formula (II) 


t*--~v h y 


Highly preferred examples of useful porphyrinic campounda are metal free phthatocyanmes and metal containing 
onthalocyanines. While the porphyrinic compounds in general and the prttheiocyanines in particular can contain any 
meal, the metal preferably has a positive vaience of two or higher Exemplary preferred metals are cobalt magnesium, 
zmc. palladium, nickel, and. particularly, copper, lead, and platinum, 
illustrative of useful porphyrinic compounds are the tolowing 
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PC-1 : Prophine 

PC-2: 1 . 10. 1 5.20-impheny(-2i H.23H-porphine copper (II) 

PC-3. l,l0.l550-l«rsph«y(-2iH.23H-potphin»»nc(M) 

PC-*. 5l0.15.»HetraK*(p«ntaflyofQph«oy1)-21H.23Hporphine 

PC-5: Silicon phtnaiocyarww oxide 

PC-6 . Alufrtnum phthatocyamn e chloride 

PC 7 Ptthalocyanine (metal tree) 

PC-8 Copper tetramethytphthalocyanine 

PC-10 Cooper chthlocyanme 

PC-1 1 Chromium phthaloeyanme fluoride 

PC- 1 2 Zinc phtheJocyamne 

PC- 1 3 Lead phthalocyanine 

PC- U Titanium phthalocyanine onde 

PC-1 5 Magne»mm pnthelocyanine 

PC-16 Capper rjctamethylphthatocyanine 

The hole tran (porting layer of the organic EL device contains at least one hole transporting aromatic tertiary 
amine, where the latter is understood to be a compound containing at least one trrvalent nitrogen atom that « bonded 
only to carton atoms, at least one of which is a member ot an aromatc ring In one torm the aromatic ternary amine 
can be an aiytamine, such as a rnonaryiaroin*, diarylamme. triarytamioe. or a polymeric arytamine Exemplary mono- 
mer ic triarylamines are illustrated by Kkjpfel et al US. Patent No. 3.180.730. Other suitable triarylamines substituted 
wim vinyl or vinyl radicals and/or containing at least one active hydrogen containing group are disclosed by Brantley et 
al U.S. Patent No*. 3.567.450 and3.6S8.520 

A preferred class of aromatic tertiary amnes are those which include at least two aromatic tertiary amne moist es. 
Such compounds include those represented by structural formula (III) 



Q' and Q* are independently aromatic tertiary amine moieties and 

◦ is a linking group such as an arylene. cyctoaikytene, or alkytene group of a carbon to carbon bond 
A particularly preferred class of triarylamines satisfying structural formula (III) and containing two rriaryiamne m 
eties are those satisfying structural formula (IV)- 


R 1 — C-R 3 

I 

n' 

(IV) 


where 

R> and R 2 each independently represents a hydrogen atom, an aryl group, or an aikyi group or B 1 am p,i together 
55 represent the atoms completing a eydoaikyi group and 

R3 and R 4 each independently represents an aryl group which is in turn substituted with a diary! substituted amino 
group, as indicated by structural formula (V). 
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wherein R 3 R 8 are independently selected aryl group* 
Another preferred Class of aromatic tertiary amines are tetraarytciamcnes Preferred tetraarykJiamnes include two 
diarylamino group*, tucn as indicated by tormuia (V) linked through an arytena group. Preferred tetraarylkaiamnes 
include those represented by formula (VI). 


Ara « an aryiene group, 

n is an integer of from 1 to 4. and 

Ar. R? ft», and R» are independently selected aryl groups. 

The various alkyt, alKylene, aryl, and aryiene mattes of the taregomg structural formulae (MIL (IV). (V) can each 
n turn be substituted. Typical substituents including atryl groups, alkoxy groups, aryl groups, aryioxy groups, ana halogen 
such asfluoride. cnlorrie, and brorrmle. The various alkyl and al Kylene moieties typically contain from about i to 6 carbon 
atoms. The cydoalkyl moieties can contain from 3 to about 1 0 carbon atoms, but typically contain five. six. or seven ring 
carbon atoms e g . cydoperrlyl. cyctohexyl. and cyctoheptyl ring structures. The aryl and aryiene moieties are preteraoiy 
phenyl and phenyfene maetjas. 

While the entire hole transporting layer of the organic electrolurninesce medium can be formed of a single aromatic 
tertiary armine. it is a further recognition at this invention that increase stability can be realized by employing a combi- 
nation of aromatic tertiary amines. Specifically, as demonstrated m the examples below, it has been observed that 
employing a triaryt amine, such as a tiarytamine satiety* rig, the formula (IV). in combination with a teuaarytiiamme. such 
as indicated by formula (VI). can be advantageous. When a triarylamine is employed in combination with a tetraaryidi- 
amine. the latter is positioned as a layer interposed between the triarylamine and the electron miecting and transporting 
layer. 

Representative useful aromatic tertiary amines are disdoeed by BerwicK el al U S Patent No * 175.960 and Van 
Slyke at al U.S. Patent No 4.539,507, here iricorporated by reference. Berwick et al in addition discloses as useful rioie 
transporting compounds N substituted caroazoies. which can be viewed as ring bridged variants ol the diaryt ana tnar- 

ic tertiary amines are the following: 

ATA-l 1.1- Sts(4-ai-p-torytami noph«nyf)cyctohexane 

ATA-2 i.t.-Brs(4^^tolytainirwphenyl)-4-prienylcyr^ 

ATA-3 4.4-BifXdipr«r^Mno)quadrtphanyl 

ATA -4 Bis{4^imatrfylarnr>c~2-methylphenyl)-r^ 

ATA-5 N.N.N-Tn(p-tr>yl)«mjne 

ATA-S 4-<d1•0•tolylamino)-4^t4^dl-p-tolylamlno)-styry<]«^*ber«e 

ATA-7 N.N.W.i>f.Tetja^loiyi-4-4.diamiriot>phenyl 

ATA-8 N.N. N\rr-Tetrapher^l^.4'-diami notion envl 

ATA-9 N-Phenytcarbaxole 

ATA-10: Poly(N-vinylcarb«ole) 
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A preferred thin flirt forming materia* tor use in forming th electron injecting ana transporting layers ol me 
oigarwc EL devices of this invention is metal chelated onrmd compound*, including cnelates ot oxine itself (also com- 
monly referred to as frqumoGnol or 8-fiyaroxyquirxXina) Suctt compounds ejchtort both hjgh levels of performance and 
are readily fabricated in 1he form of thin films. Exemplary of contemplated oxirxwl compounds ere tnose satisfying struc 
tural formula (VII). 



(VII) 


wherein 

Me represents a meiaJ; 

n is an integer ot from 1 to 3: and 

Z independently <n each occurrence represents the atoms completing a nucleus having at least two fused aromatic 

rings 

From the foregoing it m apparent that the metal can be monovalent divalent, or bivalent melal . The metal can. for 
example, be an alkali metal, such as lithium, sodium, or potassium: an alkaline earth metal, such as magnesium or 
calcium: or an earth metal, such as boron or aluminum Generally any monovalent divalent, or (rival ent metal Known to 
be a useful chelating metal can be employed 

Z completes a heterocyclic nudeus containing al least two fused aromatic rings, at least one of which is an azole 
or aane ring Additional rings, inducting both aliphatic and aromatic rings, can bt fused with the two required rings, if 
required To avoid addi ng molecular bulk without improving on function the number of n rig atoms is preferably maintained 
at 18 or less. 

illustrative of useful chelated oxmo«f compounds are the following 

CO- 1 Aluminum trisoxJne [a.k.a. tns(8-cjurKjlirK>l)alumnum| 

CO-2 Magnesium brsoxme [a.k.a. 6is<8^nclmc4)-magri*siurn) 

CO-3. 6isfbanio(f}-4^uinolinol1zinc 

CO 4: 6is(2-fTiethy-8-<|uirX^ino«to)9iurninum ond« 

CO-S indium tresoxme [a k.a.. tris(8-quinol<nol)indium] 

CO-6 Alumnum u«(5-metnyloxine) (aJta tri6(5-metriyl-8-quinc^irK>l)alwmnum 

CO- 7 Lithum oxine (a k a . 8-quinoiinol lithium) 

CO-8: Gallium tnsf.5«niorocaone) |a.k.a . trrs<5<hioro-a<iuinc*r^)galium) 

CO-9 Calcium Ws/S-crrionxwine) [a.k.a.. t*s(5<iilrxo-e<)uirK)linol)cakxim] 

CO- to Porytzinc (ii)-bis(8-rrydroxy-5-r^irK»inyt)mettianel 

CO- 1 1 : DtffiKjrn epmdolidione 

In the organ* EL devices of the invention, rt is possible to maintain a current density compatible with efficient '»ght 
emission while employing a relatively tow voltage across the electrodes by Smiting the total thickness of the organic 
luminescent medium to less man 1 urn (10.000 Angstroms) At a thickness of lesa than 1 urn an applied voltage of 20 
votts results m a field potential Of greater than 2 x 10 3 volts/cm, which is compattxe with efficient light emission An cxde' 
of magnitude reduction (to O.t iim « 100 Angstroms) >n thickness of the organic luminescent medium, allowing lurthe* 
reductions in applied voltage and/or increase m the field potential and bene* current density, are well within device 
construction capabilities. 

One function which the organic luminescent medium performs is to provide a dielectric barrier to prevent snoring 
of the etectrodee on electrical biasing ol the EL device Even a single pm note extending through the organic lummesc em 
medium will allow shorting to occur Unlike- conventonal EL devices employing a angle highly crystalline luminescent 
material, such s anthracene, tor example, the EL devices ot this inverrson are capable of fabrication at very low overall 
organic luminescent meoftjm thicknesses without short ng One reason is that the presence of three supenmoosed 
layers greatly reduces the chance of pin holes in the layers being aligned to provide a continuous conduction paih 
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between ttie elect/odes This in itself permits one or even two of the layers of the orgame luminescent medium :o be 
formed of materials which are not ideally suited for fim formation on coaOng while still achieving acceptable EL device 
performance and reliabiity 

The preferred materials for forming the organic luminescent medium are each capable of fabrication m the foim of 
5 a trim film-that «. capable of being fabricated as a continuous layer having a thickness of less than 0 5 urn or 5000 
Angstroms. 

/men one or more of the layers of the organic luminescent medium are solvent coated, a film forming polymer c 
binder can be conveniently codeposited with the aciive material to assure a continuous layer free of structural defects, 
such as pin holes, if employed, a binder must of course, itself exhibit a high dielectric strength, preferably at least about 

•2 2x1D»vOrVcm Suitable polymers can be eri06ftn from a wide variety of known solvent cast addition and condensation 
polymers Illustrative of suitable condensation polymers are polyesters, polycarbonates. polyimxJes. and pdysulfones 
To avoid unnecessary dilution of the active material, binders are preferably limited to less than 50 percent by weight, 
based on ttte total weight of the material forming the layer 

The preferred aciive materials forming the organK fomnetcent medium are each film forming materials and capable 

'5 of vacuum vapor deposition Extremely thin defect free continuous layers can be formed by vacuum vapor deposition 
Spectfically. individual layer thicknesses as low es about 50 A can be present while still realizing satisfactory EL device 
performance Employing a vacuum vapor deposited pwphorirtc compound as a hole irnectmg layer, a lilm forming aro- 
matic tertiary amine as a hole transporting layer (which can m turn be comprised of a friary! amine layer and a tetraar yi- 
diamne layer), and a chelated onnoKl compound as an electron injecting and transporting layer, individual layer 

x thicknesses in the range of from about SO to 5000 A are contemplated, with layer thicknesses in the range of from 100 
to 2000 A being preferred It is generally preferred that the overall thickness of me organic luminescent medium be at 
least about irjoo A 

The anode and cathode of the organic EL device can each take any convenient conventional form. Where it « 
intended to transmit tight from the organe EL device through the anode, this can be conveniently achieved by coating 

x a thai conductive layer onto a light transmiesive submte-e g. , a transparent or substantially transparent glass plate or 
plastic Mm In one form the organic EL devices of this invention can follow the historical practice of including a light 
tranemiseive anode formed of tin oxide or indium tin oxide coaled on a glass plate, as disclosed by Gumee et ai U S 
Patent No 3.172.862. Gurnee U S Patent No 3,173.050. Dresner "Double iniection Electroluminescence in Anthra- 
cene - . ftCA Review, volume 30. pages 322-334. 1969; and Dresner U.S. Patent No. 3.710.167 cited above While any 

X light transmissive polymer*: Urn can Be employed as a substrate. Olson U S Pwenf No 2.733.367 and Swindells J S 
Patent Mo. 2,941 .104 disclose polymeric films specialty selected for this purpose. 

As employed herein the term light trarerrussive" means simply thai the layer or element under discussion transmits 
greater than SO percent of the light of at least one wavelength it reoeive* and preferably over at least a 100 nm interval 
Since both specula/ (unscattered) and diffused (scattered) emitted light are desirable device outputs, both translucent 

3t and transparent or substantially transparent materials are useful. In most instances the light transmissrve layers or ele- 
ments of the organic EL device are also cowries* or of neutral optical density- that is. exhibiting no markedly higher 
absorption of light in one wavelength range as compared to another. However, it is. of course, recognized that the light 
transmissrve electrode supports or separate superimposed films or elements can be tailored m their light absorption 
properties to act as emission trimming fitters, if desired. Such an ele ctr ode construction is disclosed, for example by 

to Fleming US Patent No. 4.035,686 The licjhttransmissiverjonducfeve layers of the electrodes, where fabricated of thick- 
nesses approximating the wavelengths or multiples of the light wav e length s received can act as interference liters 

Confrary to historical practice, in one preferred form the organic EL devices of this invention emit kgrtt through the 
cathode rather than the anode. This relieves the anode of any requirement that \ be light transrrwswe. and it >s >n lacl 
preferably opaque to Ight in this form of the invention Opaque anodes can be formed of any metal or combination at 

*> metals having a suitably high work function for anode construction. Preferred anode metals have a work function el 
greater then 4 elector vofts (eV). Suitable anode meals can be chosen from among the high (>4 eV) work tuncrcn 
metals listed below An opaque anode can be formed of an opaque metal layer on a support or as a separate metal id 
or sheet' 

The organic EL devices of this invention can employ a cathode constructed of any metal including any high or low 
so work tuncbon metal, heretofore taught to be useful tor this purpose. Unexpected fabrication, performance, and stabii.ry 
advantages have been realized by forming the cathode of a combination of a tow work I unction metal and at least one 
other metal For further disclosure, see U S. Patent No 4.865.21 1 by Tang and Van Sryke, the disclosure of whicn s 
incorporated by reference neren. 

FIG 4 shows the schematic of an AC waveform suitable for driving the organic EL device. In the forward pome- of 
« the AC cyoe the hole injecting electrode adjacent to the hole injecting organic layer is biased to a positive vonage vi 
volts, with respect to the electron meeting electrode adjacent to the elecfron Iransport or luminescent layer The forw if o 
porton is maintained for a period of time. V At the end of this period, a negative voltage. Vr volts. « now applied :o '"e 
hole infecting electrode with respect to the electron ruectxtg electrode. Th« reverse portion of the waveform is mainta -ed 
lor a period of V The repetition of this waveform constitutes the AC drive scheme fa the organic EL 
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A characteristic of the AC waveform s that m the forward portion there is hole and electron injection from the respec- 
tive electrodes result no, m a conductive currant through the EL device and an observable etecfrotumnescence. in the 
reverse portion of the waveform, there « no appreciable injection of either holes or electrons into the organic layers from 
the respective electrodes, therefore the conductive current is iroignrf cant and there is observed e electroiumin escence 
5 In accordance with the present invention the wavetorm tor the organic EL operation has an asymmetric potential in 
the forward and reverse portions Referring to FIG. 4. the preferred AC drive scheme has a waveform m which Vr is 
greater than or equal to Vf. Vf determines the magnitude of the conductive current through the EL device ana therefore 
its light output power Vr can assume any value as long as 1 does not exceed the dielectric breakdown voltage that can 
be maintained by the EL device Considering that the breakdown fieU strength is generally no greater than SE*6 volt/cm. 
Vr canoe as large as too volts for a typical 2000 A EL device. A preferred range for Vr is Vf a Vr < (Eb • d). wherein 
Eb >s the dielectric breakdown field of the organic EL device and d is total thickness of the organic layers 

The waveform for the organic EL operation also has an unequal time duration for the forward and reverse portion 
of the AC waveform. The duty cycle for the reverse portion, t ,/(t ,4t ,) . can be considerably smaller than the duty cycle 
tor the forward portion, t fl\ ,+t r ) . In accordance wrth this invention, the EL device is maintained «i the reverse bias 
is tor a relatively short period of ime in comparison with the forward bias. Since this reverse period is needed only tor the 
purpose of preventing catastrophic failure of the EL deviea. it n desirable to keep this period as short as possible so that 
the majority of the AC cycle can be allocated to the forward portion for EL generation. The minimum t, should be at least 
0.001 1, 

The frequency of the AC waveform should be in the range of 10 Hz to 10" Hz Below 10 Hz the light generation will 
x become intermittent and would be desirable for general display application. Above 1 0* hz the response of the EL device 
would not be able to follow the drive waveform 

Example 1 

a An organic E L device was constructed according to Example 1 of U S Patent No «, 720. 432 The device configuration 
is the following: 

ITO/CuPc (350 A)/TTB (350 AVAiq (600 A)Mg Ag 

TTB is identified as ATA- 7 and Aiq as CO-i in U S Patent No 4.720.432. The EL device was excited by applying 
a constant current AC power source of 1000 Hertz frequency to the EL electrodes. The EL light output was monitored 
30 continuously by a photocell The current was 20 mA/enV and the voltage waaabout 7 vwts (RMS). A useful light level 
of about 25 candeia/square meter was maintained for over 4000 hours. The AC drive voltage is relatively stable (<i volt 
rise) over this period of time The catastrophic failure dU not occur. 

Example 2 (control example) 

JS 

A standard device identical to the one used in Example i was driven under a DC power source The current was 
maintained constant at 20 mA/cm A ? The initial voltage was 8 vofts. Under this DC excitation, the initial light output was 
about tha same as the EL device described in Example 1 but the device developed shorts and failed catastrophicaify 
m about 150 hours. The DC drive vortage also experienced « more rapid rise from 8 voltt to 11 S vottsdunng this period 
to of time. 

Numerous EL devices of similar configuration have been tested under both AC and DC excitation Invariably, the 
45 DC exerted EL devices tail ad in the catastrophic mode in less than 2000 hours, and more frequently m the trst two to 
three hundred hours. Hie AC excited EL devices almost always maintained a continuous operation without suffering 
from catastrophe failure wen a projected lifetime m exeats of 10.000 hours. 

The invention has been descrfced in detail with particular reference to certain preferred embodiments thereof, but 
it wM be understood that variations and modifications can be effected within the spirit and scope of the invention 

50 

Parts List 

100 EL Device 

102 Anode 

5? 104 Cathode 

1 06 Organic lumnevcent medium 

108 Superimposed layer 

110 Superimposed layer 

112 Superimposed layer 
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1 14 External power source 


116 

Conductor 

118 

Conductor 


Lower organic layer 

S 122 

Upper organic layer 


Holes 

126 




200 

Electroluminescent device 

>o 202 

Transparent insulatrve support 

204 

Anode 

206 

Organic luminescent medium 

208 

Layer 

210 

Layer 

■5 212 

Layer 

214 

Catftoda 

300 

Electroluminescent device 

302 

Anode 

306 

Organic luminescent medium 

x 308 

Layer 

310 

Layer 

312 

Layer 

314 

Cathode 

x Claim 
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1. in an organic light emitting device (LEO) having an anode and cathode and a light emitting structure disposed 
between such anode and cathode the improvement comprising.: 

x (a) an organic hole transporting layer; 

(b) an organic luminescent layer: and 

(c) means for applying an alternating voltage across the anode and cathode having a forward portion which 
txasts tie LEO to produce light and a reverse portion m which substantially no light is produced the voltage 
being selected so that the maximum forward voltage is less than or equal to the maximum reverse voltage in 

35 each AC voltage cycle. 

2. The invention as set forth in claim 1 wherein tie time that the forward portion takes (M >s longer than Srr>e It,! the 
reverse portion takes. 

«o 3. The invention as set forth in claim 2. wherein t t is at least 0.001 xt,. 

4. In an organic light emitting device (LED) having an anode and cathode and a light emitting structure disposed 
between such anode and cathode, the improvement comprising: 

*s (a) an organic hole injecting layer, 

<b) an organic hois transporting layer: 

(c) an organic lunwieecerrt layer: and 

(d) means for applying an alternating voltage across the anode and cathode having a forward portion which 
biases tie LEO to produce light and a reverse portion m which substantially no light a produced the voltage 

x being selected so that the maximum forward voltage « less than or equal to me maximum reverse voltage m 

each AC voftage cycle. 

5. in an organic light emitting device (LEO) having an anode and cathode and a light emitting structure disposed 
between such anode and cathode, the improvement comprising: 

55 

(a) an organic layer coma rung a hole miectng porphyrinic compound ana a hole transporting automatic :en ary 
amine. 

(b) an organic luminescent layer; 

(c) an electron transportng layer, and 
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(d) meant tor applying an alternating voltage across the anode and cathode naving a forward portion which 
biasee Die LED to product light and a reverse pot on n wtwcn substantially no light is producao. the voitag* 
being saiactad so that the maximum forward voltage is l«ss than or equal to tha maxmum reverse voltage m 
each AC voHaga cycl» 

The invention as sat forth n claim S wnerein tha traquancy of the AC voltage « within the range of 10 Hz to 1 0*6 Hi 
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